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Introduction
An aging society is common phenomenon worldwide.
Consequently, the number of elderly patient admitted
to the intensive care unit (ICU) is increasing. Thirty-three
to forty percent of the ICU patients were reported to
require mechanical ventilation1. Prolonged mechani-
cal ventilation (more than 21 days) occurred in 5–20%
of the patients2,3. Because of cost containment and bed
scarcity, the intermediate unit, such as the step-down
unit, long-term care hospital or respiratory care center,
was developed in the 1990s. The chronically and criti-
cally ill ventilator-dependant patients with stable hemo-
dynamic status may be transferred to the step-down
unit to wean from the mechanical ventilator. Reduced
ICU stay and improved ICU utilization could be war-
ranted. In a recent study by Scheinhorn et al.4, 34–60%
of patients who were discharged from the ICU as being
“ventilator-dependent” could be weaned effectively
when they were transferred to units dedicated to that
activity4. The mean ages in these studies ranged from
65 to 72 years. However, there is no available study
describing the outcomes of very elderly population
aged over 80 years in the weaning center. Thus, we
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SUMMARY
Background: The study was undertaken to report the outcomes of very elderly patients who survived the critical
illness in intensive care unit and were transferred to the respiratory care center (RCC) for weaning attempts.
Methods: A retrospective medical records analysis of post-intensive care unit weaning in the RCC of a tertiary
teaching hospital.
Results: A total of 101 patients aged 80 years and older were admitted to the RCC from October 1, 2005 to
March 31, 2007. The mean age of the patients was 86.0 ± 4.9 years. The mortality rate was 25.7%; 45.5% of the
patients were successfully weaned from the mechanical ventilator, and 28.7% were eventually dependent on
ventilatory support. Pneumonia was the leading cause of the respiratory failure. The median days in the RCC
was 25 days (range, 2–63 days). The median time to tracheostomy was 28 days (range, 12–114 days). The most
frequent complication in the unit was urinary tract infection. The severity of illness at admission to the unit,
but not the age of patients, was the determinant of weaning success. The average cost of each patient in the
RCC was US$6,667.50.
Conclusion: Nearly half of the very elderly patients admitted to the RCC were able to be liberated from mechanical
ventilation in the setting of the RCC. The daily cost of the RCC stay was less than that in the intensive care unit.
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performed a retrospective analysis of very old patients
admitted to the RCC of Mackay Memorial Hospital.
Materials and Methods
Patients and data collection
This was a retrospective analysis of medical records of
patients aged 80 years or older who were admitted
from October 1, 2005 to March 31, 2007 to the RCC of
Mackay Memorial Hospital, which is a tertiary teach-
ing hospital in Taipei, Taiwan. The RCC is a 15-bed
subacute unit for adult patients (> 17 years old) on pro-
longed mechanical ventilation for more than 21 days
who were transferred from the ICU. The admission cri-
teria to the RCC were as follows: (1) stable hemody-
namics without vasoactive drugs (e.g., dopamine ≤5µg/
kg/min); and (2) mechanical ventilator setting for ade-
quate gas exchange with inspired oxygen fraction of less
than 60% and positive end-expiratory pressure of less
than 10 cmH2O. The RCC is a semi-open unit. A senior
chest fellow stayed in the unit in the daytime, and the
nurse to patient ratio was 1:3. The team also included 
a registered respiratory therapist, a case manager, 
a dietitian, a pharmacist, and a social worker. The pul-
monary rehabilitation programs were integrated into
the weaning process. The weaning attempt was per-
formed using either daily spontaneous breathing trial
via T-piece with/without a continuous positive pres-
sure airway pressure or gradual decrease in pressure
support until a level of 5–8 cmH2O. On passing the 
2-hour T-piece spontaneous breathing trial or pressure
support of < 5–8 cmH2O, the patients were then evalu-
ated for extubation when they were alert and were
able to expectorate with less abundant secretion. The
decision to extubate, leave the endotracheal tube on or
perform tracheostomy was left to the discretion of the
physician-in-charge, generally according to the patients’
conditions as well as the consent of their families. If the
patient was not able to wean from mechanical ventila-
tion in 42 days, he or she would be transferred to the
respiratory care ward for further ventilatory manage-
ment according to the regulation of the National Health
Insurance Bureau.
The following information of each patient was col-
lected: age, sex, comorbidity, outcome, resources utiliza-
tion, complication, and cost. The financial department
provided information on medical expenses in the ICU
and RCC. Weaning success was defined as complete
liberation from mechanical ventilator for more than 
5 days.
Statistical analysis
Results are expressed as mean ± standard deviation,
median (ranges) and proportions, as appropriate. All
continuous data were analyzed using the unpaired
Student’s t test or the Mann–Whitney U test. The χ2
test or the Fisher’s exact test was used to compare cat-
egorical variables. Two-tailed test with a p value of less
than 0.05 was considered to be statistically significant.
Results
During the study period, 237 patients were admitted
to the RCC. Of these, 101 patients (45 men and 56
women) were older than 80 years, with a mean age of
86.0 ± 4.9 years (range, 80–102 years). The baseline
characteristics are shown in Table 1. Over the same
period, 135 patients younger than 80 years were admit-
ted to the RCC. Their mean age was 67.4 ± 11.9 years
(range, 17–79 years).
Table 1. Demographic and clinical characteristics of study
patients (n = 101)
Age, mean ± SD (yr) 86.0 ± 4.9
Male, n 45 (45.5%)
Cause of respiratory failure
Medical, n 95 (94.1%)
Pneumonia 45
Cardiogenic pulmonary edema 11
Sepsis other than pneumonia 9
Cardiac arrest 8
Aspiration 4
COPD with acute exacerbation 6
Lung malignancy 3
Others 9
Surgical, n 6 (5.9%)
Intracranial hemorrhage 4
Radical protectomy 1
Small bowel perforation 1
Length of ICU stay, median (range) (d) 21 (4–72)
Time to tracheostomy (n = 51), median 28 (12–114)
(range) (d)
Length of RCC stay, median (range) (d) 25 (2–63)
SD = standard deviation; COPD = chronic obstructive pulmonary 
disease; ICU = intensive care unit; RCC = respiratory care center.
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The causes of respiratory failure were medical illness
in 95 cases (94.1%) with pneumonia being the leading
cause, and surgical procedures in 5 (5.9%). Craniotomy
for intracranial hemorrhage was the major surgical
procedure. Among the 101 very elderly patients, 45.5%
were successfully weaned from the mechanical ven-
tilator, 25.7% died during the hospitalization, and 28.7%
were eventually dependent on ventilator support
(Figure). All of the six patients readmitted to the ICU
were in septic shock, and only one survived the second
ICU stay. The weaning rate and mortality in the younger
group were 48.9% and 22.2%, respectively. The mortal-
ity in either group was most commonly due to severe
sepsis. However, aggressive resuscitation was seldom
performed in the elderly, because do-not-resuscitate
orders were usually requested by their families.
Table 2 shows the conditions of the patients when
they were admitted to the RCC. Every elderly patient
had medical comorbidities. The mean number of com-
orbidities was 2.4 ± 0.5, with congestive heart failure
and diabetes mellitus being the most common com-
orbidities (41.6% and 39.6%, respectively). The mean
hematocrit and serum albumin were 27.8% ± 3.61%
and 2.82±0.46mg/dL, respectively. Thyroid and adrenal
functions were checked for selected patients. Hypothy-
roidism was discovered in three of 34 patients, but no
hyperthyroidism was found. Among 31 patients whose
Age < 80
n = 135
Age ≥ 80
n = 101
Successful weaning
n = 63 (46.7%)
Expired
n = 26 (19.3%)
Return to ICU
n = 10 (7.4%)
Ventilator-dependent
n = 36 (26.7%)
Successful weaning
n = 46 (45.5%)
Expired
n = 21 (20.8%)
Return to ICU
n = 6 (5.9%)
Ventilator-dependent
n = 28 (27.7%)
Discharge
n = 3 (30%)
Expired
n = 5 (83.3%)
Admitted
n = 236
Expired
n = 4 (40%)
Ventilator-dependent
n = 3 (30%)
Tracheostomy retained
n = 23 (50%)
Decannulated
n = 12 (26.1%)
Endotracheal tube retained
n = 11 (23.9%)
Ventilator-dependent
n = 1 (16.7%)
Figure. The outcome flow diagram of patients admitted to the respiratory care center.
Table 2. Comorbidities and status of study patients (n=101)
at admission to the respiratory care center*
Prior tracheostomy 12 (11.9)
Old cerebral vascular accident 32 (31.7)
Chronic obstructive pulmonary disease 30 (29.7)
Diabetes mellitus 40 (39.6)
Chronic renal insufficiency/failure 23 (22.8)
Congestive heart failure 42 (41.6)
Liver cirrhosis 1 (1.0)
History malignancy 15 (14.9)
Serum albumin (n = 97), mean ± SD (g/dL) 2.82 ± 0.46
Hematocrit (n = 97), mean ± SD (%) 27.8 ± 3.61
Serum cortisol (n = 31)
< 15 µg/dL 14 (45.2)
< 25 µg/dL 29 (93.5)
*Data are presented as n (%). SD = standard deviation.
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morning serum cortisol levels were checked, 29 patients
(93.5%) had levels less than 25 µg/dL and 14 (45.2%)
patients had basal cortisol levels of less than 15 µg/dL.
Selected procedures, treatments, and examinations
are summarized in Table 3. Transfusions of packed 
red cells, platelets or fresh frozen plasma during the
RCC stay were given to 36 patients (35.6%). About
20.8% of the patients received central vein catheteriza-
tion for fluid status monitoring or difficult peripheral
venous access. Only 12.9% were involved in the car-
diopulmonary rehabilitation, though pulmonary reha-
bilitation was part of the management protocol. The
major obstacle was impaired consciousness caused 
by dementia and/or previous cerebral vascular acci-
dent, which occurred in 50% of the patients. Invasive
examinations, such as bronchoscopy and upper gas-
trointestinal panendoscopy, were rarely performed 
in the RCC.
The complications treated in the RCC are noted 
in Table 4. The number of infection only included
nosocomial infections acquired in the RCC, and the
urinary tract infection outnumbered others (30/101;
29.7%). The isolated pathogens were predominantly
Gram-negative bacilli with multiple drug resistance.
Gram-positive bacterial infections accounted for only
four episodes of a total of 73 infectious events. Atrial
fibrillation was most common, comprising 29 of 36
arrhythmia events. Other arrhythmias included junc-
tional bradycardia (two cases), ventricular tachycardia
(three cases), and complete atrioventricular block (two
cases).
Comparisons of the patients weaned and not weaned
from mechanical ventilation are shown in Table 5.
Patients who could not be liberated from the ventila-
tor in the RCC had significantly lower serum albumin
levels, renal function and hematocrit levels than when
Table 5. Comparison between patients weaned and not weaned from the mechanical ventilator*
Weaned (n = 46) Not weaned (n = 55) p
Age (yr) 85.4 ± 4.8 85.9 ± 4.9 0.619†
Serum albumin (mg/dL) 3.0 ± 0.4 2.7 ± 0.4 < 0.001†
Blood urea nitrogen (mg/dL) 36.6 ± 26.8 54.7 ± 37.8 0.007†
Serum creatinine (mg/dL) 1.1 ± 0.9 1.9 ± 1.6 0.003†
Hematocrit (%) 28.9 ± 3.7 27.2 ± 3.6 0.022†
Urinary tract infection episode 8 (17.4) 24 (43.6) 0.005‡
Pneumonia episode 6 (13.0) 12 (21.8) 0.25‡
Other sepsis episode 4 (8.7) 21 (38.2) < 0.001‡
Acute renal failure 1 (2.2) 17 (30.9) < 0.001‡
*Data are presented as mean ± standard deviation or n (%); †two-tailed t test; ‡χ2 test.
Table 4. Complications treated in the respiratory care center
(n=101)
Complications
Number of patients, 
n (%)
Urinary tract infection 30 (29.7)
Pneumonia 18 (17.8)
Catheter-related infection 12 (11.9)
Sepsis, others 13 (12.9)
Gastrointestinal bleeding 12 (11.9)
Pleural effusion 23 (22.8)
Acute renal failure 18 (17.8)
Arrhythmia 36 (35.6)
Hemoptysis 11 (10.9)
Hematuria 4 (3.96)
New stroke 1 (0.99)
Table 3. Procedures, examinations, and treatments provided
during respiratory care center stay (n=101)
Selected procedure Number of patients, n (%)
New hemodialysis 1 (0.9)
Blood transfusion 36 (35.6)
Computed tomography scan 2 (1.98)
Sonography (abdomen, 21 (20.8)
kidney and heart)
Bronchoscopy 4 (3.96)
Central vein catheterization 21 (20.8)
Thoracentesis and paracentesis 20 (19.8)
Cardiopulmonary resuscitation 5 (4.95)
Rehabilitation 18 (17.8)
Inotropic agents 18 (17.8)
Re-intubation 13 (12.9)
they were admitted to the RCC. Age, however, did not
differ between the two groups. The occurrence of sig-
nificant infectious complications in the RCC also influ-
enced the outcome of weaning. Patients dependent
on the ventilator had more episodes of urinary tract
infections and other sepsis (catheter-related sepsis,
bacteremia of undetermined origin).
For each patient, the average cost of RCC stay was
NT$220,026 (US$6,667.50), while the daily cost on
average was NT$8,808 (US$266.90).
Discussion
With medical advancement, a considerable proportion
of patients may survive the critical illness and acute
respiratory failure in the ICU; of these, 5–20% need
prolonged mechanical ventilation5. Health care cost
containment and resource allocation have resulted in
the development of step-down units, such as RCC, for
continued ventilatory support and weaning attempts.
The long-term ventilatory care of very elderly patients
could be considered futile in view of significant loss of
physiologic function from ICU care and senility. Data
on prognosis of long-term mechanical ventilation in
very older patients will help physicians and families
decide on the treatment strategy.
Previous studies on the outcomes in post-ICU units
have reported rates of successful weaning ranging from
34–60%6,7. The mean ages were from 65 to 72 years in
these studies. de Rooij et al.8 have reported the out-
comes of very elderly patients in ICU, and their study
revealed ICU mortality rate to be higher in this age
group than in younger patients but with the rate
depending much on the underlying condition and
severity of illness. The outcomes in post-ICU settings
for patients aged 80 years and older have not been
reported. To our knowledge, our study is the first one
focusing on patients aged 80 years or older in the post-
ICU weaning center. We found that age was not predic-
tive of ventilatory outcome in the very elderly patient
admitted to the RCC for prolonged mechanical ventila-
tion. The significant factors predicting successful
weaning were baseline renal function and nosocomial
infections (pneumonia, urinary tract infection and
sepsis) occurring in the RCC. Thus, we performed the
retrospective analysis to investigate whether age plays
a negative role in weaning from the ventilator. As
shown in the Figure, the major outcome, weaning rate,
was not affected by age. Mortality was also similar
between the two age groups. Our data indicated that
45.5% of the very elderly patients were able to wean
from the ventilator in 42 days.
Despite some debate, tracheostomy is considered
beneficial for patients requiring prolonged mechani-
cal ventilation, in terms of mortality and duration of
mechanical ventilation9–11. Fourteen days is usually
recommended for the timing of tracheostomy. However,
the mean time to tracheostomy in our study was 32.0±
6.8 days, which was much longer than that reported
by Scheinhorn et al. in a recent multicenter outcome
study (15.0 ± 10 days)12. Reduced treatment intensity
have been observed in critically ill elderly13. Further
investigation of the reasons for the reluctance of the
family or physician to have a tracheostomy performed
is needed.
Adrenal functions were examined for 31 patients;
93.5% of patients had serum cortisol levels of less than
25 µg/dL in the morning, and 45.2% had morning cor-
tisol level of less than 15 µg/dL. There is increasing
acknowledgment of relative adrenal insufficiency in
critically ill patients with sepsis. A stress cortisol thresh-
old level of 25 µg/dL was shown to be suggestive of
adequate steroid responsiveness in 96% of critically ill
patients14. But the random cortisol level reflects not
only adrenal function, but also illness severity. The diag-
nostic threshold for chronically ill ventilated patients
is not clear. However, with screening based on morn-
ing cortisol level of below 25 µg/dL and a high-dose
adrenocorticotropin (ACTH) stimulation test, Huang 
et al. demonstrated a high prevalence of adrenal in-
sufficiency in chronically ventilated patients (70 of
93 patients) and significantly increased weaning rate
with treatment of stress dose steroid (68.6% in placebo
group vs. 91.4% in treatment group)15. Our data also
suggested a probable high prevalence of adrenal in-
sufficiency in chronically ill elderly patients. Further
study is needed to determine if the very old population
could benefit from such an intervention.
Our data showed that liberation from the ventilator
was achieved in more than 45% of our RCC patients,
who were previously unable to be weaned in the ICU.
The result was comparable with a previous study, and
the mean cost of our patient care was about one-tenth
of that of a recently published American multicenter
study ($6,667.50 vs. $63,672)12. Renal function impair-
ment was found to hinder the weaning16. Besides renal
function, our result also revealed that patients with
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higher baseline hematocrit and albumin levels had
better chance of weaning from the ventilator.
It has been argued that more health care resources
should be made available to the younger patient 
population while invasive diagnostic and therapeutic
procedures be withheld from older patients. The prefer-
ence of medical service is due to the perception of less
favorable prognosis in elderly patients with similar crit-
ical illness than in younger patients17,18. Our study also
found that fewer medical procedures, treatments or
examinations were performed in this patient group,
which was reflected by less medical costs spent during
the RCC stay. However, this study clearly indicated that
the very elderly patients requiring post-ICU ventilatory
support had outcomes comparable with less elderly
patients. Appropriate and potential beneficial medical
services, therefore, should be provided to these patients.
Limitations of this study must be addressed. First,
the study was conducted in a single tertiary teaching
hospital, and the results may not be generalized to other
institutions. Second, because of the retrospective obser-
vational design of the study, the results were limited to
short-term outcomes in the hospital. The quality of
medical care in other hospitals may affect the long-term
prognosis. Despite these limitations, the data presented
in our study are helpful for physicians and patients
and their families when deciding the treatment of
very elderly patients needing prolonged mechanical
ventilation.
In conclusion, patients over 80 years of age consti-
tuted 42.6% of our RCC patients. The major cause of
their respiratory failure was pneumonia. The possibil-
ity of liberating from the ventilator was not affected by
age but by functional status. In such a specific unit for
weaning, even the 102-year-old patient in our cohort
was able to wean from ventilatory support. But some
complications, like nosocomial pneumonia and urinary
tract and catheter-related infections, hinder the chance
of weaning. Further studies should aim at using spe-
cific protocol to minimize the risk of infection from
indwelling catheters and standardizing the timing of
procedures, such as tracheostomy, blood component
transfusion and adrenal function test.
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